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2 SYNOPSIS

TITLE OF STUDY:

A Randomized, Open-Label, Dose Finding, Phase 2 Study to Assess the Pharmacodynamics and
Safety of the anti-FGF23 antibody, KRN23, in Pediatric Patients with X-linked Hypophosphatemia
(XLH)

PROTOCOL NUMBER:
UX023-CL201

STUDY SITES:
Up to 8 sites globally in the US and EU

PHASE OF DEVELOPMENT:
Phase 2

RATIONALE:

X-linked hypophosphatemia (XLH) is a disorder of renal phosphate wasting, and the most common
heritable form of rickets. In XLH patients, high circulating levels of fibroblast growth factor 23
(FGF23) impair normal phosphate reabsorption in the kidney. Hypophosphatemia and low-normal
circulating 1,25-dihydroxyvitamin D (1,25(0OH).;D) levels are typical biochemical findings. Low
serum phosphorus levels result in hypomineralization of bone and associated abnormalities including
rickets, bowing of the legs, and short stature. The current standard of care (SOC) therapy consists of
multiple daily doses of oral phosphate combined with appropriate doses of active vitamin D
metabolites. SOC therapy, when taken with a high degree of compliance and monitoring, can improve
the skeletal disease but often does not fully address the bone and growth abnormalities nor does it
target the pathophysiological cause of the disease: renal phosphate wasting induced by high FGF23
levels. SOC therapy also requires careful monitoring to avoid potential risks such as nephrocalcinosis,
hypercalciuria, and hyperparathyroidism. More efficacious, safer, and convenient therapies clearly are
needed.

KRNZ23 is a recombinant fully human monoclonal 1gG; antibody being developed to treat XLH by
binding and inhibiting FGF23 activity, thereby restoring normal phosphate homeostasis. Three
clinical trials have been conducted in adults with XLH. A Phase 1 study established the
pharmacokinetic (PK) profile of KRN23. A Phase 1/2 study and associated extension study evaluated
the pharmacodynamics (PD) of KRN23 on phosphate metabolism and related measures of the
phosphate-calcium mineral control system. The safety data from these studies has shown that KRN23
in single and repeated monthly doses up to 1.0 mg/kg was well tolerated by adult XLH subjects.
KRNZ23 sufficiently increased serum phosphorus levels, such that improvements in bone physiology,
structure and function would be expected. These data support the initiation of further studies to
evaluate the therapeutic benefit of KRN23 in children who experience the most severe physical and
health manifestations associated with XLH. Currently, there are no approved treatments and a high
unmet medical need in pediatric XLH patients.

Adults and children with XLH have the same underlying defect but are at a different stage of the
disease. In childhood, normal phosphorus levels are higher to promote bone formation, whereas in
adults, the normal range is lower coincident with reduced demand for bone formation. Therefore,
smaller, more frequent dosing may be preferred for pediatric hypophosphatemic patients to maximize
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treatment effect without a plateau, drive serum phosphorus levels closer to the normal range and
minimize the troughs. This Phase 2 study will examine the PD and safety of KRN23 administered at
multiple doses and dose regimens in pediatric XLH patients.

The study will consist of two periods: a 16-week individual dose Titration Period and a 48-week
Treatment Period. The dose response of KRN23 will be evaluated at 3 starting dose levels. Monthly
(Q4) and biweekly (i.e. every other week; Q2) dosing regimens will also be compared. KRN23 dosing
will be individually adjusted every 4 weeks as needed, according to serum phosphorus levels. The
goal is to achieve stable serum phosphorus levels in the target range, while minimizing changes in the
calcium control system. Data collected in this study will establish the dosing strategy, and provide
information for the design and endpoint selection for a Phase 3 clinical trial in children with XLH.

OBJECTIVES:
The objectives of the study are to:

e ldentify a dose and dosing regimen of KRN23, based on safety and PD effect, in pediatric
XLH patients

o Establish the safety profile of KRN23 for the treatment of children with XLH including
ectopic mineralization risk, cardiovascular effects, and immunogenicity profile

e Characterize the PK/PD of the KRN23 doses tested in the monthly (Q4) and biweekly (Q2)
dose regimens in pediatric XLH patients

e Determine the PD effects of KRN23 treatment on markers of bone health in pediatric XLH
patients

¢ Obtain a preliminary assessment of the clinical effects of KRN23 on bone health and
deformity, muscle strength, and motor function

e Obtain a preliminary assessment of the effects of KRN23 on patient-reported outcomes,
including pain, disability, and quality of life in pediatric XLH patients

STUDY DESIGN AND METHODOLOGY:

UX023-CL201 is a randomized, multicenter, open-label, dose finding, Phase 2 study. The study will
be conducted in prepubescent children aged 5-12 years with XLH to assess the PD and safety of
KRN23 administered via subcutaneous (SC) injections monthly (Q4, 28 days + 3 days) or biweekly
(Q2, 14 days + 2 days) for a total of 64 weeks. The study consists of a 16-week individual dose
Titration Period, followed by a 48-week Treatment Period. The study will enroll approximately

30 pediatric patients with XLH and radiographic evidence of bone disease. Subjects will need to
discontinue oral phosphate and vitamin D metabolite therapy prior to randomization and throughout
the duration of the study.

There will be 3 cohorts in this study (n = 10 per cohort); each with a Q4 (n=5) and Q2 (n =5) dosing
group. Subjects will be randomized 1:1 to the Q4 or Q2 dosing regimens within each cohort;
randomization will be stratified on subject gender. In order to maintain a level of gender balance, no
more than 20 patients of either sex can be enrolled in the study. The cohorts will be enrolled
sequentially. The first cohort will examine the lowest doses (0.2 mg/kg Q4 and 0.1 mg/kg Q2) and
will be enrolled first. As an added precautionary measure in this pediatric population, the second
cohort (0.4 mg/kg Q4 and 0.2 mg/kg Q2) cannot begin dosing until the fourth subject in the first
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cohort completes the Week 4 visit. The third cohort will be administered the highest starting doses
(0.6 mg/kg Q4 and 0.3 mg/kg Q2).

The initial 16-week Titration Period is intended to identify the KRN23 dose required to achieve the
target peak PD effect. The goal is to identify an individualized KRN23 dose which maintains serum
phosphorus levels in the target range, however the dose level should not exceed 2.0 mg/kg for the Q4
regimen and 1.0 mg/kg for the Q2 regimen. The target fasting serum phosphorus range for this study
is 3.5- 4.5 mg/dL (1.13-1.45 mmol/L), based on the peak PD effect of KRN23.

The dose will be adjusted every 4 weeks, as needed, based on 2-week post-dose (peak) fasting serum
phosphorus levels. The KRN23 dose titration scheme (Table 2.1) will be used as a guideline should
the peak fasting serum phosphorus level fall outside of the target range. If the serum phosphorus level
is rising but has not yet reached the acceptable target range by the end of the Titration Period, the
titration can continue into the Treatment Period until the target range is reached provided there are no
safety concerns.

Table 2.1: KRN23 Dose Titration Scheme

Serum Phosphorus

H 1
(2 weeks Post-Dose) Dose Adjustment

< 3.5 mg/dL 2 In 2 weeks, increase dose by 0.1 mg/kg for Q2 OR
< 1.13 mmol/L 0.2 mg/kg for Q4
3.5-4.5 mg/dL Repeat previous dose
1.13 - 1.45 mmol/L
> 4.5 mg/dL (1.45 mmol/L) and In 2 weeks, decrease dose by 0.1 mg/kg for Q2 OR
< age adjusted ULN 0.2 mg/kg for Q4

Skip next 2 doses for Q2 OR skip next dose for Q4,
then re-initiate dosing at last dose level

! Dose adjustments for subjects assigned to the Q2 regimen will only be made after 2 consecutive peak
measurements.

2|f a subject’s serum phosphorus level has not increased, as defined by a change no greater than
0.1 mg/dL, after 2 consecutive dose escalations, even if the target range has not been achieved, then the
previous dose will be considered that subject’s optimized dose and not escalated further.

> age adjusted ULN

At the end of the Titration Period, the population of 30 subjects will consist of essentially two groups
of 15 subjects, each with individually optimized dosing of KRN23 at either a Q4 week or Q2 week
frequency. An analysis of safety and select PD data is planned at the end of the Titration Period
(Week 16). A second analysis is planned following the first 24-weeks of the Treatment Period (Week
40) to compare treatment outcomes to baseline (pre-dose).

Figure 2.1 provides a schematic of the overall study design.
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NUMBER OF SUBJECTS PLANNED:
Approximately 30 pediatric subjects will be enrolled in the study. Subjects who withdraw or are
removed from the study may be replaced on a case-by-case basis, at the discretion of Ultragenyx.

DIAGNOSIS AND CRITERIA FOR INCLUSION AND EXCLUSION:
Individuals eligible to participate in this study must meet all of the following criteria:

1) Male or female, aged 5 — 12 years, inclusive, with open growth plates

2) Tanner stage of 2 or less based on breast and testicular development (assessed only in children
> 8 years of age)

3) Diagnosis of XLH supported by ONE of the following:

- Confirmed PHEX mutation in the patient or a directly related family member with
appropriate X-linked inheritance

- Serum iFGF23 level > 30 pg/mL by Kainos assay
Biochemical findings associated with XLH including:
- Serum phosphorus < 2.8 mg/dL (0.904 mmol/L)*

4)

- Serum creatinine within age-adjusted normal range*

Short stature as defined by standing height < 25% percentile for age and gender (per CDC
2000)

5)
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6)

7)

8)

9)

Radiographic evidence of active bone disease including rickets in the wrists and/or knees,
AND/OR femoral/tibial bowing

Willing to provide access to prior medical records for the collection of historical growth,
biochemical and radiographic data, and disease history.

Provide written or verbal assent (if possible) and written informed consent by a legally
authorized representative after the nature of the study has been explained, and prior to any
research-related procedures

Must, in the opinion of the investigator, be willing and able to complete all aspects of the
study, adhere to the study visit schedule and comply with the assessments.

Individuals who meet any of the following exclusion criteria will not be eligible to participate in the

study:

1) Use of a pharmacologic vitamin D metabolite or analog (e.g. calcitriol, doxercalciferol, and
paricalcitol) within 14 days prior to Screening Visit 2; washout will take place during the
Screening Period

2) Use of oral phosphate within 7 days prior to Screening Visit 2; washout will take place
during the Screening Period

3) Use of aluminum hydroxide antacids (e.g. Maalox® and Mylanta®), systemic corticosteroids,
and thiazides within 7 days prior to Screening Visit 1

4) Use of growth hormone within 1 year prior to Screening Visit 1
5) Use of bisphosphonates for 6 months or more in the 2 years prior to Screening Visit 1
6) Presence of nephrocalcinosis on renal ultrasound graded > 3 based on the following scale:
0 = Normal
1 = Faint hyperechogenic rim around the medullary pyramids
2 = More intense echogenic rim with echoes faintly filling the entire pyramid
3 = Uniformly intense echoes throughout the pyramid
4 = Stone formation: solitary focus of echoes at the tip of the pyramid

7) Planned or recommended orthopedic surgery, including staples, 8-plates or osteotomy,
within the clinical trial period

8) Hypocalcemia or hypercalcemia, defined as serum calcium levels outside the age-adjusted
normal limits*

9) Evidence of tertiary hyperparathyroidism as determined by the Investigator

10) Use of medication to suppress PTH (e.g. Sensipar®, cinacalcet) within 2 months prior to
Screening Visit 1

11) Presence or history of any condition that, in the view of the investigator, places the subject
at high risk of poor treatment compliance or of not completing the study.

12) Presence of a concurrent disease or condition that would interfere with study participation or
affect safety
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13) Positive for human immunodeficiency virus antibody, hepatitis B surface antigen, and/or
hepatitis C antibody

14) History of recurrent infection or predisposition to infection, or of known immunodeficiency

15) Use of a therapeutic monoclonal antibody within 90 days prior to Screening Visit 1 or
history of allergic or anaphylactic reactions to any monoclonal antibody

16) Presence or history of any hypersensitivity to KRN23 excipients that, in the judgment of the
investigator, places the subject at increased risk for adverse effects.

17) Use of any investigational product or investigational medical device within 30 days prior to
screening, or requirement for any investigational agent prior to completion of all scheduled
study assessments.

* Criteria to be determined based on overnight fasting (min. 8 hours) values collected at
Screening Visit 2

INVESTIGATIONAL PRODUCT, DOSE AND MODE OF ADMINISTRATION

KRNZ23 is a sterile, clear, colorless, and preservative-free solution in single-use 5-mL vials containing
1 mL of KRN23 at a concentration of 10 mg/mL or 30 mg/mL. Subjects will receive study drug via
SC injection to the abdomen, upper arms and thighs; the injection site will be rotated with each
injection. Subjects will be sequentially enrolled into the cohorts, starting with the lowest dose group,
and randomized to a dosing regimen (Q2 or Q4) (Figure 2.1) then individually titrated to achieve a
target overnight fasting serum phosphorus range of 3.5- 4.5 mg/dL (1.13-1.45 mmol/L).

The maximum dose allowed in this protocol is 2.0 mg/kg for the Q4 regimen, and 1.0 mg/kg for the
Q2 regimen.

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION:

The study design is open-label; all subjects will receive investigational product. No placebo or
reference therapy will be administered in this study.

DURATION OF TREATMENT:

The study consists of two periods: a 16-week individual dose Titration Period, followed by a 48-week
Treatment Period. The planned duration of treatment in this study is 64 weeks.

CRITERIA FOR EVALUATION:

Pharmacodynamic™:

e Serum phosphorus

e Serum 1,25(0OH),D

e Urinary phosphorus

e Phosphate reabsorption: ratio of renal tubular maximum reabsorption rate of phosphate to
glomerular filtration rate (TmP/GFR), and tubular reabsorption of phosphate (TRP)

o Bone biomarkers: procollagen type 1 N-propeptide (P1NP), carboxy-terminal cross-linked
telopeptide of type I collagen (CTx), and alkaline phosphatase (ALP)

* Blood and urine to be collected after a minimum overnight fasting time of 8 hours and prior
to drug administration (if applicable) per dosing regimen
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Efficacy — Bone Health:

Growth: standing height, sitting height, arm length and leg length will be measured.
Growth percentiles based on standing height will be derived prior to and following treatment
if historical data are available

Severity of rickets and epiphyseal (growth plate) abnormalities: central readings of

bilateral posteroanterior (PA) hand/wrist and anteroposterior (AP) knee radiographs using a
disease-specific qualitative Radiograph Global Impression of Change (RGI-C) scoring system
and a modified version of a scale developed for nutritional rickets

Lower extremity deformity assessed by intercondylar distance and intermalleolar distance.
Specific abnormalities related to lower extremity deformity and bowing observed on standing
long leg films will also be evaluated using the qualitative RGI-C scoring system

Bone Mineral Density or Content at the cortical and trabecular compartment as assessed by
XtremeCT of the forearm and tibia (performed at select sites depending on availability of
equipment)

Efficacy — Clinical Outcomes:

Walking ability: Six Minute Walk Test (6MWT) total distance and percent of predicted
normal

Gross motor function: Bruininks-Oseretsky Test of Motor Proficiency — Second Edition
(BOT-2) subtests to assess running speed, agility and strength

Muscle strength: bilateral hand-held dynamometry (HHD) in the following muscle groups:
gross grip, knee flexors, knee extensors, hip flexors, hip extensors and hip abductors

Functional disability and pain: Pediatric Orthopedic Society of North America Pediatric
Outcomes Data Collection Instrument (POSNA PODCI)

Health-Related Quality of Life: SF-10 for Children Health Survey (SF-10)

Pharmacokinetic:

Serum KRN23 (pre-dose level)

Safety Assessments:

Safety will be evaluated by the incidence, frequency and severity of adverse events (AEs) and serious
adverse events (SAEs), including clinically significant changes from baseline to scheduled time points.

General Safety Variables include:

Vital signs and weight

Interval history and physical examinations

GFR

Chemistry, hematology ,and urinalysis, including additional KRN23/XLH biochemical
parameters of interest (serum 25(OH)D, amylase, creatinine, and iFGF23 [total, bound and
unbound])

Anti-KRN23 antibody testing and dose-limiting toxicities

Concomitant medications

Page 9 of 453




Protocol Number: UX023-CL201

Original Protocol UHTOQCI Iy/i

24 FEB 2014

pharmaceutical

Ectopic Mineralization Safety Assessments include:
e Renal ultrasound
e ECHO and ECG
e Serum calcium, phosphorus and iPTH; urinary calcium and creatinine

Data Monitoring Committee (DMC)

An independent DMC that includes members with expertise in metabolic bone disease and the conduct
of clinical trials in children will act in an advisory capacity to monitor subject safety on a routine basis
throughout the trial. The DMC will also meet for quarterly data reviews.

STATISTICAL METHODS:
A full description of the statistical evaluations will be provided in the Statistical Analysis Plan.

Sample Size:

A sample size of 10 per cohort will provide at least 90% power to detect a serum phosphorus increase
from baseline of at least 0.8 mg/dL, assuming a standard deviation of 0.7 mg/dL or smaller, at the
2-sided level of significance of 0.05. In addition, a total sample size of 30 subjects (15 subjects per Q4
or Q2 regimen) will provide at least 90% power to detect a 0.5 mg/dL difference between the two
dosing regimens assuming a standard deviation of 0.4 and 2-sided level of significance of 0.05.

Phosphate and mineral control are adequately powered based on the clinical experience to date with
KRN23. The degree of powering for bone health will depend on the degree of effect expected which
is not known. However, powering for adequate phosphate control should provide the potential for
improved bone health based on prior experience with oral phosphate replacement therapy.

Pharmacodynamics and Efficacy Analysis:

Analyses of PD and efficacy comparing the two dosing regimens will be performed at Week 40 and
Week 64 with Week 0 as the baseline. In addition, PD and safety data will be summarized for each
cohort and each dose regimen within a cohort after each cohort has completed the Titration Period
(Week 16). Descriptive statistics will be used to summarize the data. For continuous variables, the
mean, standard error, median, minimum, and maximum will be provided. For discrete data, the
frequency and percent distributions will be provided. Changes over time and the association of the
efficacy with the PD variables will be summarized and evaluated.

Safety Analysis:

All subjects who receive any amount of study drug will be included in the safety analysis. Safety of
each cohort and each dose regimen within a cohort will be assessed.
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Table 2.2:  Schedule of Events — Titration Period Visits
Screening Baseline! Titration Period 2
VISIT TYPE/NUMBER | SV1 | SVv2! V1 |_\|/H23 V3 \Z3 V5 V6 V7 V8 V9 V10
WERKI WS TPl wo [ wi | w2 | wa | we | ws [wio | wi2 | wis | wis
Informed Consent X
Inclusion/Exclusion Criteria X X
Medical History & Demographics X
Tanner Staging * X
PHEX mutation analysis ® X
PD MEASURES
Serum Phosphorus ¢ X6 X X X X X X X X X X
1,25(0H), D 8 X X X X
2-hour urine 7 X X X X X X X X X
24-hour urine & X X
Bone biomarkers: PINP, CTx, ALP ¢ X X
EFFICACY MEASURES
Growth (standing height, sitting height, g
arm length and leg length) X X X
Bilateral AP knee X-rays X1
Bilateral PA hand/wrist X-rays X10
Standing long leg X-Ray X0
Intercondylar and Intermalleolar distance | X
XtremeCT of forearm, tibia X!
6MWT, BOT-2, HHD *2 X Xt X
POSNA-PODCI, SF-10 Xt
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Screening Baseline! Titration Period 2
VISIT TYPE/NUMBER | SV1 | SVv2! V1 |_\|/H23 V3 V4 V5 V6 V7 V8 V9 V10
WERKI WS TPl wo [ wi | w2 | wa | we | ws [wio| wi2 | wis | wis
PHARMACOKINETICS
Serum Pre-Dose KRN23Y | | | x ] | x | x| | | | | |
SAFETY
Vital Signs & Weight 4 X X X X X X X X X X X
Physical Examination X X X X X
Interval History X X X X X X
Concomitant Medications X X X X X X X X X X X
Adverse Events X X X X X X X X X X X X
Renal Ultrasound * X10 X
ECHO'! X X
ECG! X X
Chemistry, Hematology, Urinalysis X8 X X X X X X
Serum 25(OH) D X X
Serum Calcium © X6 X X X X X X X X X X
Serum iPTH © X X X
Serum iFGF23 & 13 X1 X1 X X
Anti-KRN23 antibody (HAHA) 1317 X
DOSE ADJUSTMENT (AS NEEDED) X X X X
DRUG ADMINISTRATION Q2, Q4 Q2 %24 Q2 %24 Q2 %24 Q2 | Q2,Q4

SV2 should be conducted 14 — 28 days following SV1. SV2 and Baseline visits can be conducted on consecutive days. Renal ultrasound, ECHO, ECG, and
XtremeCT may be performed + 3 days of clinic visit to accommodate scheduling availability. Motor function tests (6MWT, BOT-2, HHD) and
questionnaires (POSNA-PODCI, SF-10) may be completed at either SV2 or Baseline visit, but must be assessed on the same day. All Screening/Baseline
assessments and inclusion/exclusion criteria based on local lab results must be satisfied prior to randomization and dosing.
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During the Titration Period (Weeks 0 — 16) subjects will return to the clinic for visits at 2 week intervals (£ 3 days).

Home health (HH) visits may also be conducted at the clinic depending on proximity of the subject to the investigational site and local availability of home
health care resources. The visit window is + 3 days.

For potential subjects aged > 8 years only

PHEX mutation analysis will be performed for any subject who does not have a confirmed PHEX mutation even if a family member has a confirmed PHEX
mutation.

Blood and urine to be collected after a minimum overnight fasting time of 8 hours and prior to drug administration (if applicable) per dosing regimen.
Record fasting duration on CRF. At SV2, local lab values will be used to confirm eligibility. Baseline visit samples will be sent to the central lab for data
analysis.

2-hour urine collections for TmP/GFR, TRP, and urinary calcium

24-hour urine collections for urinary phosphorus, calcium, creatinine, and GFR
At Screening Visit 1, only standing height is required to confirm eligibility.
Screening results will be treated as baseline data

Performed at select sites based on availability of equipment

Portions of the BMWT and BOT-2 may be videotaped to monitor administration technique and assess qualitative changes in function. Subject identity will
be protected by blurring out the facial area in the video.

If there is a technical or operational issue obtaining results for PK, iFGF23, or HAHA, an additional blood sample may be obtained at the next suitable clinic
Visit.

Vital sign measurements consist of seated systolic/diastolic BP measured in millimeters of mercury (mm Hg), HR (beats per minute), respiration rate
(breaths per minute), and temperature in degrees Celsius (°C). Obtain at the beginning of each visit before any additional assessments are completed

Serum chemistry panels may include PD parameters (i.e. serum phosphorus and ALP), and safety parameters of interest (i.e. calcium) to avoid duplication of
testing

If confirmation of XLH diagnosis is based on iFGF23, the results may be communicated by telephone to the potential subject with instructions to begin
washout of prohibited medications. If subject or directly related family member with appropriate X-linked inheritance, has a confirmed PHEX mutation,
samples for iIFGF23 analysis will be obtained at SV2 only and used as baseline values. If subject or qualified directly related family member, does NOT
have a confirmed PHEX mutation, iFGF23 levels will be obtained at SV1 to determine eligibility and at SV2 to obtain a baseline value.

If the development of anti-KRN23 antibodies is suspected in a given subject, samples may be obtained at additional time points on a case-by-case basis, if
warranted.
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Table 2.3:  Schedule of Events —Treatment Period Visits (Weeks 18 — 40)

Treatment Period 8
VISIT TYPE/NUMBER ';'/Tf V12 \|;|1|_:|’> V14 CE V16 C'l'_; V18 \|;|1|_£|9 V20 | V21 | Vv22%
WEEKT wig | w20 | w22 | w24 | W26 | W28 | W30 | W32 | W34 | W36 | W38 | W40
PD MEASURES
Serum Phosphorus 2° X X X X X X X X X
1,25(0H), D ® X X X
2-hour urine ?* X X X X X X X
24-hour urine 22 X
Bone biomarkers: PINP, CTx, ALP % X
EFFicACY MEASURES
Growth (standing height, sitting height,
arm length and leg length) X X
Bilateral PA hand/wrist and AP knee X
X-ray
Ir_ltercondylar and Intermalleolar X
distance
XtremeCT of forearm, tibia 23 X
6MWT, BOT-2, HHD # X X
POSNA-PODCI, SF-10 X
PHARMACOKINETICS
Serum Pre-Dose KRN23% | | | | ‘ | ‘ | ‘ | X ‘ |
SAFETY
Vital Signs& Weight X X X X X X X X X X X X
Physical Examination X X X
Interval History X X X X X X
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Treatment Period 8
VISIT TYPE/NUMBER ';'/Tf V12 \|;|1|_:|’> V14 CE V16 C'l'_; V18 \|;|1|_£|9 V20 | V21 | Vv22%
WEEKT wig | w20 | w22 | w24 | W26 | W28 | W30 | W32 | W34 | W36 | W38 | W40

Concomitant Medications X X X X X X X X X X X X
Adverse Events X X X X X X X X X X X X
Renal Ultrasound X
ECHO X
ECG X
Chemistry, Hematology, Urinalysis 2 X X X
Serum 25(OH) D X
Serum Calcium % X X X X X X X X X
Serum iPTH % X X X
Serum iFGF23 20 % X X
Anti-KRN23 antibody (HAHA) 2528 X
DOSE ADJUSTMENT (AS NEEDED) X X X
DRUG ADMINISTRATION Q2 |Q20Q4| Q2 | Q20Q4| Q2 | Q2Q4| Q2 |0Q20Q4| Q2 |[Q204| Q2 | Q2,04

18

19

20

21

22

23

24

25

During the Treatment Period (Weeks 16 — 40) clinic visits will occur at 4 week intervals (= 3 days).

Home health (HH) visits may also be conducted at the clinic depending on proximity of the subject to the investigational site and local availability of home
health care resources. The visit window is + 3 days.

Blood and urine to be collected after a minimum overnight fasting time of 8 hours and prior to drug administration (if applicable) per dosing regimen.
2-hour urine collections for TmP/GFR, TRP, and urinary calcium

24-hour urine collections for urinary phosphorus, calcium, creatinine, and GFR

Performed at select sites based on availability of equipment

Portions of the BMWT and BOT-2 may be videotaped to monitor administration technique and assess qualitative changes in function. Subject identity will
be protected by blurring out the facial area in the video.

If there is a technical or operational issue obtaining results for PK, iFGF23, or HAHA, an additional blood sample may be obtained at the next suitable clinic
visit.
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Vital sign measurements consist of seated systolic/diastolic BP measured in millimeters of mercury (mm Hg), HR (beats per minute), respiration rate
(breaths per minute), and temperature in degrees Celsius (°C). Obtain at the beginning of each visit before any additional assessments are completed

Serum chemistry panels may include PD parameters (i.e. serum phosphorus and ALP), and safety parameters of interest (i.e. calcium) to avoid duplication of

testing

If the development of anti-KRN23 antibodies is suspected in a given subject, samples may be obtained at additional time points on a case-by-case basis, if

warranted.

The Week 40 visit may be up to 2 days in duration due to the volume of testing; required blood draws may be split across the 2 days
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Table 2.4:  Schedule of Events —Treatment Period Visits (Weeks 42 — 64)

Treatment Period

HH® | HH HH | HH | HH HH HH HH | HH
VISITTYPEINUMBER | /o3 | \ipq | V2 | o | vor | vos | voo | Y39 | wvar | va2 |wvaz| V3

we4/

WEEK | W42 W44 | W46 | W48 | W50 | W52 W54 W56 W58 W60 | W62 ET4

PD MEASURES

Serum Phosphorus *2 X X X X

1,25(0H), D ¥

2-hour urine 32 X X

24-hour urine 3

XX | X | XX

Bone biomarkers: PINP, CTx, ALP

EFFICACY MEASURES

Growth (standing height, sitting height,
arm length and leg length)

Bilateral PA hand/wrist and AP knee X-
ray

Standing long leg X-ray

Intercondylar and Intermalleolar
distance

XtremeCT of forearm, tibia 3°

6MWT, BOT-2, HHD %

XX | X| X | X| X | X

POSNA-PODCI, SF-10

SAFETY

Vital Signs & Weight ¥

X
X
X

X
X
X

Physical Examination

Interval History X X X
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Treatment Period
HH3 | HH HH [ HH | HH | HH HH [ HH [ HH
VISITTYPEINUMBER | yo5 | g | V25 | '\ | vor | w2s | wvao | Y30 | var | va2 |wvas | V34
W64/
WEEK W42 W44 W46 W48 W50 W52 W54 W56 W58 W60 | W62 ET4
Concomitant Medications X X X
Adverse Events X X X
Renal Ultrasound X
ECHO X
ECG X
Chemistry, Hematology, Urinalysis ¢ X X X
Serum 25(OH) D X X
Serum Calcium % X X X X X
Serum iPTH %2 X X X
Serum iFGF23 32 3 X
Anti-KRN23 antibody (HAHA) 3% 40 X X40
DRUG ADMINISTRATION Q2 Q204 | Q2 Q2 Q4 Q2 Q2 Q4 Q2 Q204 Q2 Q204 | Q2

30

31

32

33

34

35

36

37

During the Treatment Period (Weeks 40-64) clinic visits will occur at approximately 8-week intervals (+ 3 days).

Home health (HH) visits may also be conducted at the clinic depending on proximity of the subject to the investigational site and local availability of home
health care resources. The visit window is + 3 days.

Blood and urine to be collected after a minimum overnight fasting time of 8 hours and prior to drug administration (if applicable) per dosing regimen.
2-hour urine collections for TmP/GFR, TRP, and urinary calcium

24-hour urine collections for urinary phosphorus, calcium, creatinine, and GFR

Performed at select sites based on availability of equipment

Portions of the BMWT and BOT-2 may be videotaped to monitor administration technique and assess qualitative changes in function. Subject identity will
be protected by blurring out the facial area in the video.

Vital sign measurements consist of seated systolic/diastolic BP measured in millimeters of mercury (mm Hg), HR (beats per minute), respiration rate
(breaths per minute), and temperature in degrees Celsius (°C). Obtain at the beginning of each visit before any additional assessments are completed
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Serum chemistry panels may include PD parameters (i.e. serum phosphorus and ALP), and safety parameters of interest (i.e. calcium) to avoid duplication of
testing

If there is a technical or operational issue obtaining results for iFGF23 or HAHA, an additional blood sample may be obtained at the next suitable clinic visit.
Blood draws for Anti-KRN23 antibody will take place at Week 56 or Early Termination; no additional sample is needed at Week 64. If the development of
anti-KRN23 antibodies is suspected in a given subject, samples may be obtained at additional time points, and may include additional blood volume required
to perform a neutralization assay on a case-by-case basis, if warranted.

The Week 64 or Early Termination (ET) visit (if applicable) may be up to 2 days in duration due to the volume of testing; required blood draws may be split
across the 2 days. Radiography (x-rays), XtremeCT, 6MWT, BOT-2, HHD and ECHO will not be performed at the ET Visit if the assessment was
conducted within 3 months of termination.
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4 LIST OF ABBREVIATIONS AND DEFINITION OF TERMS

Abbreviations

25(0OH)D
1,25(0OH).D
6MWT
AE

ALP
ANCOVA
AP
BOT-2
BUN

°C

CFR
CRF

CT

CTx

dl

DLT
DMC
EC

ECG
ECHO
ECLA
EDC
GFR

EU
EudraCT
FDA
FGF23
GCP
GLP
GMP
HAHA
HIPAA
HHD

25-hydroxyvitamin D

1,25-dihydroxyvitamin D

Six Minute Walk Test

adverse event

alkaline phosphatase

analysis of covariance

anteroposterior

Bruininks-Oseretsky Test of Motor Proficiency — 2" Edition
blood urea nitrogen

degrees Celsius

Code of Federal Regulations

case report form

computed tomography

carboxy-terminal cross-linked telopeptide of type I collagen
deciliter

dose limiting toxicity

Data Monitoring Committee

Ethics Committee

electrocardiogram

echocardiogram

electrochemiluminescent assay

electronic data capture

glomerular filtration rate

European Union

European Union Drug Regulating Authorities Clinical Trials
Food and Drug Administration

fibroblast growth factor 23

Good Clinical Practice

Good Laboratory Practice

Good Manufacturing Practice

human anti-human antibody

Health Insurance Portability and Accountability Act
hand-held dynamometry
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Hyp hypophosphatemic

IB Investigator’s Brochure

ICF Informed Consent Form

ICH International Conference on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human Use

iIFGF23 intact FGF23

IND Investigational New Drug (application)

iPTH intact parathyroid hormone

ITT intent-to-treat

v intravenous

IWRS Interactive Web Randomization System

kg kilogram

KHK Kyowa Hakko Kirin Pharma, Inc.

L liter

LS least squares

LVH left ventricular hypertrophy

m meter

mAB monoclonal antibody

MedDRA Medical Dictionary for Regulatory Activities

mg milligram

mm Hg millimeters of mercury

mmol millimole

MVIC maximum voluntary isometric contraction

NCI CTCAE National Cancer Institute Common Terminology Criteria for Adverse
Events

NOAEL no adverse effect level

P1NP procollagen type 1 N-propeptide

PA posteroanterior

PD pharmacodynamic (S)

PHEX Phosphate regulating gene with homology to endopeptidases located on
the X chromosome

PHS-10 Physical Summary Score

PK pharmacokinetic(s)

PODCI Pediatric Outcomes Data Collection Instrument

POSNA Pediatric Orthopedic Society of North America

PSS-10 Psychosocial Summary Score

PT Preferred Term
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PTH parathyroid hormone

Q2 biweekly, once every two weeks

Q4 monthly

RBC red blood cell

RGI-C Radiographic Global Impression of Change

SAE serious adverse event

SAP statistical analysis plan

SC subcutaneous

SF-10 SF-10 for Children Health Survey

SOC standard of care

TEAE treatment emergent adverse event

TmP/GFR ratio of renal tubular maximum reabsorption rate of phosphate to
glomerular filtration rate

TRP tubular reabsorption of phosphate

ULN upper limit of normal

us United States

WBC white blood cell

XLH X-linked hypophosphatemia

Definition of Terms

Investigational Product is defined as, “A pharmaceutical form of an active ingredient or
placebo being tested or used as a reference in a clinical trial, including a product with a
marketing authorization when used or assembled (formulated or packaged) in a way different
from the approved form, or when used for an unapproved indication, or when used to gain
further information about an approved use” (from International Conference on
Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human
Use [ICH] Harmonised Tripartite Guideline E6: Guideline for Good Clinical Practice).

The terms “Investigational Product” and “study drug” may be used interchangeably in the

protocol.
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5 INTRODUCTION

X-linked hypophosphatemia (XLH) is a disorder of renal phosphate wasting, and the most
common heritable form of rickets. In XLH patients, a defect in the phosphate sensing
mechanism in osteocytes leads to the production of aberrantly high circulating levels of
fibroblast growth factor 23 (FGF23) that causes an inappropriate loss of phosphate
reabsorption in the kidney. The impact of FGF23 on the kidney causes hypophosphatemia
and low-normal circulating 1,25-dihydroxyvitamin D (1,25(OH)2D) levels. The low serum
phosphorus levels result in hypomineralization of bone and associated abnormalities
including rickets, bowing of the legs and short stature.

The current standard of care consists of oral phosphate and Vitamin D (calcitriol)
replacement. Treatment can improve rickets disease but provides limited benefit in

some patients, or in other aspects of the disease and does not treat the underlying cause
(Carpenter et al. 2011). The treatment regimen requires balancing the benefits of treatment
with complicated monitoring and potential risks such as nephrocalcinosis, hypercalciuria, and
hyperparathyroidism (Carpenter et al. 2011). By blocking the action of the aberrantly
elevated FGF23, the reabsorption of phosphate could potentially be normalized, offering an
effective and safe treatment option for patients with XLH.

Proof-of-concept studies in a relevant murine model support the use of an anti-FGF23
monoclonal antibody (mADb) as a treatment for XLH. Experiments in both juvenile and adult
Hyp mice provided evidence that treatment with an anti-FGF23 mAb normalized or
ameliorated many of the characteristic abnormalities associated with XLH (Aono et al.
2009); (Aono et al. 2011). KRN23 is a fully human 1gG: mAb that binds to and inhibits
FGF23. The Sponsor and development partner, Kyowa Hakko Kirin Pharma, Inc. (KHK) are
investigating KRN23 as a potential therapeutic candidate for the treatment of XLH, a disease
distinguished by high levels of serum FGF23.

KHK has conducted a series of nonclinical pharmacology, pharmacokinetic (PK), and
toxicology studies supporting the investigation of KRN23 in adults and children.

Three clinical studies have been conducted in adult patients with XLH: a single dose Phase 1
safety and tolerability study of KRN23, a repeat dose Phase 1/2 dose escalation study, and
associated treatment extension study. The current Phase 2 study will evaluate the
pharmacodynamics (PD) of KRN23 to determine the appropriate dose range and dose
regimen, and establish the safety profile of KRN23 in children with XLH. Effects on
phosphate homeostasis and the clinical impact of KRN23 on skeletal disease, growth and
physical function will also be examined.
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5.1 Overview of XLH

XLH, also described as vitamin D-resistant rickets, is a rare genetic metabolic disorder.

The incidence of XLH is 3.9-5 per 100,000 live births (Davies et al. 1981), (Beck-Nielsen et
al. 2009). XLH is the most common inherited form of rickets and the most common
inherited defect in renal tubular phosphate transport. There is a great deal of variability in
the manifestations of XLH. In the mildest cases, only hypophosphatemia is evident (Holm et
al. 2012). In more severe disease, hypophosphatemia leads to decreased mineralization of
newly formed bone and the clinical findings of rickets. Surgical correction of limb
deformities is often required.

Patients with XLH often present during childhood with rickets due to hypophosphatemia and
frequently develop skeletal abnormalities (e.g. bowed legs), impaired growth, and short adult
stature (Tenenhouse et al. 2001). As young patients age and progress into adulthood, the
symptom pattern evolves due to the decreasing phosphate needs for bone growth. Adult XLH
patients suffer from bone pain and osteomalacia, increased risk of bone fractures, joint
abnormalities and joint pain, enthesopathy, and osteoarthritis (Carpenter et al. 2011).

XLH is transmitted as an X-linked dominant disorder, although autosomal recessive and
dominant forms of hypophosphatemia have also been observed (Dixon et al. 1998).
Mutations resulting in the loss of function of PHEX (Phosphate regulating gene with
Homology to Endopeptidases located on the X chromosome) form the genetic basis for XLH
(Carpenter et al. 2011). Approximately 20% of PHEX mutations are de novo (i.e. not
inherited from a parent) based on genetic testing and clinical observations in non-familial
XLH patients (Dixon et al. 1998); (Whyte et al. 1996).

Patients with XLH have hypophosphatemia due to excessive FGF23 levels (Jonsson et al.
2003); (Yamazaki et al. 2002), however the precise mechanism by which PHEX disruption
results in elevated FGF23 is complex and not fully understood (Carpenter et al. 2011); (Rowe
2012). FGF23 plays an important role as a specific regulator of serum phosphorus; its major
function is to reduce serum phosphorus levels by inhibiting renal proximal tubular phosphate
reabsorption (Fukumoto 2008); (Razzaque et al. 2007). FGF23 also decreases serum

1,25 dihydroxyvitamin D [1,25(OH).D] levels by inhibiting 1-alpha-hydroxylase activity in
the kidney, thereby decreasing intestinal absorption of phosphate and calcium. Both actions
by FGF23 on the tubular reabsorption and intestinal absorption via vitamin D metabolism
lead to a decrease in serum phosphorus levels.

Current treatment options for patients with XLH